UNCLASSIFIED 


AD  NUMBER 


ADB136689 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Proprietary  Info.;  28  Sep 
1989.  Other  requests  shall  be  referred  to 
Commander,  US  Army  Medical  Research  and 
Development  Command,  Attn:  SGRD-RMS,  Fort 
Detrick,  Frederick,  MD  21701-5012. 


AUTHORITY 


Ft  Detrick/SGRD-RMI-S  [70-ly]  memo  dtd  30 
Jun  1994 


THIS  PAGE  IS  UNCLASSIFIED 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE 
COPY  FURNISHED  TO  DTIC 
CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO 
NOT  REPRODUCE  LEGIBLY. 


AD-B136  689 


oM&oszecad 


AD 

nyCoTbxr/ss  to ms  w d 

DETOXICATION  OF  «MO»  AND  OTHERNCOMPOUNDS  OF  MILITARY  INTEREST 


ANNUAL  SUMMARY  REPORT 


ALTON  MEISTER,  PROFESSOR 
January  14,  1987 


Supported  by 

U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fore  Detrick,  Frederick,  ilaryland  21701 


Contract  No.  DAHD  17-86-C-6047 


Comall  Univarsity  Medical  Collage 
Dapartaant  of  Biochaaiatry 
1300  York  Avanua,  New  York,  N.Y.  10021 


DOD  DISTRIBUTION  STATEMENT 


a 


Distribution 

■  me  Hrnm  6  i0B» 


<2 fSL 


fBOFRlETABT  INFORMATIOH 

to  U.S.  Cov't  agencies  only; 
aslMhUe4MB) .  Other  requests 


for  this  document. 

must  be  referred  to  the  Cosnander,  U.S.  Any  Medical  Research  and  Development 
Command  (ATTN:  SGRD-RMS)  Fort  Decrick,  Frederick,  Mar:  .and  21701-5012 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  daslgneted  by  other  authorized 
documents . 


The  Inclusive  dates  of  this  Annual  Report  are  November  13,  198$  to 
January  14,  1987  and  the  date  of  this  report  is  January  14,  1987. 


89  9  27  IIS 


MPOftT  DOCUMENTATION  PAOl 


Cornell  Ur.iv.  Med.  Coll. 


« a.  aooaus to*  «m<«v chm 

1300  York  Avenue 
New  York,  N.Y.  10021 


U.S.  Gov't  agenclea  onlyt  (compliance  with 
Doc.  Mo.  C-3020,  p.  3  October  19,  1982). 


U.S.  Army  Med.  Rea.  i  Development  Command 


Ft.  Detrlck 

Frederick,  Maryland  21701-5012 


DAMD- 17-86 -C-6047 


•a  mm  o»  xjNomcai*owiamwa 

OMMUmWi 

USAMRIID 


St  toom 

Ft.  Detrlck 

Frederick,  Maryland  21701-5012 


Detoxication  of  SmsMnm  and  0thers£ompounds  of  Military 
Intereat  -  Unclassified  »yC0lt»OnS  TWtlV*  /»«* 


12.  TWOaaj  AUon  Meister 


myr 

TAM 

NO. 

NO. 

««.  M«UMS3TA«V  riOTATKM 


ia  oats  os  man  ow.t m*«ai 

1987/Jan/15 


Toxlna,  Glutathione,  Liver,  Kidney,  L-2-oxothlasolldlne- 
u-carboj.-yiate,  Cyanoglnoaln,  Mlcrocyetln,  Glutathione 

mAnnaFhvl  Aif Of 


Thia  reaearch,  was  Inlt7a717  concerned *?e?o?lcation  of  certain  trlchothecene  toxlna, 
and  haa  recently  changed  Ita  emphaala  and  la  nov  directed  toward  the  cyanoglnoaln  toxlna. 
Studlea  on  the  trlcothecenee  have  bean  brought  to  a  conclualoe.  A  newly  recognised 
naturally  occurring  glutathione  derivative  (y-giutamyl  glutathione)  hae  been  prepared 
and  methoda  for  large  acale  prepaiatlon  of  thla  compound  are  being  developed.  Other 
glutathione  derivatives  that  may  be  useful  In  detoxication  are  also  under  study. 
Cyanoglnoaln  toxin,  supplied  to  us  by  the  Army,  haa  been  Identified  as  of  the  LR  type. 
Structural  features  of  thla  toxin  have  been  Investigated  and  Its  toxlcltv  hae  been 
studied  after  chemical  modification.  Preliminary  studies  Indicate  that  the 
dehydropeptlde  moiety  of  the  cyanoglnoaln  LR  toxin  la  essential  for  toxicity.  Thia 
la  an  interesting  point  because  dehydropeptldes  undergo  facile  reaction  with  certain 
SH-contslnlng  molecules.  Tlie  possible  role  of  glutathione  In  the  modification  of 
toxicity  due  to  cyancginosln  peptides  Is  currently  being  explo,‘ed. 
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SUMMARY 

This  rssssrch  was  initially  concamad  with  Cha  datoxication  of 
mycotoxlns,  aspacially  tricothacana  T2  toxin.  Our  studios  on  tricothecenos 
havs  boon  brought  to  a  conclusion.  Studios  on  Cha  formation  of  glutathiona 
conjugates  with  tricothacana  T2  toxin  wara  carried  out. 

Studios  have  also  boon  carried  out  on  the  synthesis  of  glutathiona 
monoestwrs;  for  example  a  satisfactory  method  for  the  preparation  of 
glutathiona  monoisopropyl  aster  hydrochloride  and  of  glutathiona  ao noethyl 
aster  sulfate  were  developed.  Administration  of  these  compounds  to  mice  leads 
to  increased  levels  of  glutathione  in  the  liver  and  kidney.  Chemical  studies 
on  the  aainoethanol  analog  of  glutathione  have  been  continued.  Kathode  for 
the  large  scale  preparation  of  7 -glutamyl  glutathione  are  being  perfected. 

Initial  studies  on  cyanoginosin  toxin  (supplied  by  U.S.Army  Medical 
Research  and  Development  Commend  (USAM2IID))  have  been  carried  out  and  the 
results  obtained  indicate  that  this  sample  of  the  toxin  is  of  the  LR  type. 
Structural  studies  are  consistent  with  earlier  work  and  thus  indicate  the 
absence  of  a  free  amino  group  and  presence  of  a  dehydropeptide  moiety.  The 
dehydropeptide  moiety  appears  to  be  essential  for  toxicity.  This  may 
constitute  a  significant  finding  because  dehydropep tides  are  known  to  react 
effectively  with  SH -compounds .  Studies  have  been  initiated  on  the  role  of  the 
glutathione  system  as  a  protectant  against  the  toxic  effects  of  cyanoginosin. 
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m  Body  of  tha  Report 
1.  Statement  of  Problem 

This  rsssarch  Is  concerned  with  ths  detoxication  of  toxins  of  potential 
military  interest.  Approaches  based  on  augmentation  of  the  glutathione  system 
as  well  as  other  approaches  are  under  investigation.  Initially  toxins  of  the 
trichothecene  group  such  as  T-2  toxin  have  been  examined.  In  accordance  with 
a  change  of  scope  of  Che  research  (carried  out  after  mutual  agreement  between 
the  Department  of  the  Army  end  the  principal  investigator) ,  the  trlchothecene- 
related  research  has  been  brought  to  a  close  and  examination  of  toxins  of  the 
cyanoglnoaln  group  have  been  undertaken.  Tha  studies  on  trlchothecenes  and 
our  initial  work  on  the  cyanoginosin  toxins  are  considered  in  paragraphs  (a) 
and  (b),  respectively,  below. 

(ay  The  trlchothecene  toxins  are  extremely  poisonous  and  produce  severe 
symptomatology  including  skin  blistering,  dizziness,  nausea ,  haaatamaals  end 
other  symptoms.  Thare  is  evidence  that  such  toxins  hsvs  basn  used  as  weapons . 
Tha  affacta  of  such  toxins  are  known  to  develop  rapidly  and  might  incapacitate 
members  of  a  military  force  if  used  effectively  by  an  ansmy.  Pretreatment  of 
milltery  personnel  with  a  protective  egenc  might  have  significant  potantlal 
value.  Clearly  the  development  of  an  effective  treatment  for  this  type  of 
toxicity  la  important. 

(b)  Toxins  of  the  cyanoglnoaln  group  are  produced  by  blum-green  elgee. 
These  toxins,  which  have  been  found  throughout  the  world,  have  been  implicated 
in  animal  mortality  and  human  morbidity.  They  have  been  found  as  toxic 
contaminants  of  municipal  water  reservoirs  and  in  ponds  end  lakes  in  many 
locations.  Aftsr  the  toxin  is  administered  to  experimental  animals,  a  variety 
of  serious  symptomatology  develops.  Symptoms  include  thrombocytopenia, 
pulmonary  thrombi,  and  hepatic  congestion.  Toxicity  sea\s  to  begin  in  Che 
liver  and  liver  damage  la  apparently  the  prtaary  cause  of  death. 

A  few  reports  have  appeared  on  the  chemical  structure  of  eysnoginoslns. 
One  such  toxin  appears  to  be  a  cyclic  hepta-peptlde,  which  contains  only  two 
amino  acid  residues  that  are  also  found  in  proteins.  The  other  five  amino 
acid  residues  Include  D- alanine ,  0-methyl -D-aaportata,  D- glutamate ,  N- 
methyldehydroalanlne,  and  an  unusual  0-amino  acid  ( 3- amino- 9-mathoxy-2 . 6 ,  S  - 
trimethyl-10-phenyldeca-A,6-dlenole  acid;  adda) .  It  is  possible  that  some  of 
theso  toxins  may  be  pants  or  haxa  peptides.  On  the  basis  of  current 
Information,  these  toxins  contain  three  invariant  amino  acid  residues;  the 
variant  amino  acid  residues  Include  the  L- isomers  of  alanine,  arginine, 
leucine,  end  methionine.  Thus  far,  these  toxins  have  not  been  found  to 
contain  free  amino  groups. 

Our  current  research  relates  to  elucidating  the  chemical  structures  of 
these  toxins.  Another  objective  Is  to  develop  procedures  for  quantitative 
determination  of  the  toxins.  Ve  wish  to  investigate  enzymatic  and  chemical 
methods  for  the  modification  of  the  toxins  with  the  goal  of  idsntlfying  the 
structural  features  associated  with  toxicity.  This  information  will  be  used 
in  efforts  to  develop  procedures  for  detoxication. 


Animal  calls  us*  savaral  aachanisas  for  procacclon  against  to:;.ic 
compounds  of  endogenous  and  axoganous  origin.  Ths  Crlpapcld*  glucathion*  (L- 
y-glutamyl-L-cyateiayl-glyclne) .  'which  Is  prasanc  In  virtually  all  animal 
calls,  plays  a  major  role  in  cellular  procacclon.  Clutathlon*  functions  in 
eh*  dacoxicaclon  of  many  types  of  compounds  including  raactlv*  oxygen  spacias, 
compounds  possessing  electrophilic  centers,  and  other  compounds  into  which 
electrophilic  moieties  may  be  introduced  by  metabolic  reactions.  There  Is  an 
extensive  literature  on  this  subject;  see  for  example  (1-7).  The  pachwey  by 
which  many  foreign  compounds  undergo  detoxication  involves  reaction  with 
glutathione  to  form  the  corresponding  glutathione  conjugates;  such  rssctlons 
srs  catalyzed  by  glutathione  S- transferases,  but  say  occur  aonenzymatlcally 
with  certain  compounds.  The  conjugate!  axe  converted  by  the  action  of  y- 
glutemyl  transpeptidase  to  the  corresponding  S- substituted  cystelnylglycine 
derivatives.  The  letter  ere  converted  to  the  corresponding  S-substltuted 
cysteine  derivatives  by  the  action  of  d '.peptidase.  S- Substituted  cysteine 
derivatives  of  this  type  may  undergo  N- acetylation  to  form  the  corresponding 
N'scetyl  derivatives.  An  additional  pathway  cf  metabolism  of  S-substltutsd 
cysteines  Involves  tr ana pep tide  Cion  between  glutathione  and  S- substituted 
cysteines  to  font  the  corresponding  7-glutsmyl-S-substltutsd  cystaines  (5,6). 

Many  of  the  compounds  that  ere  of  intersst  from  the  military  standpoint 
may  be  expected,  by  virtue  of  their  chesd.cs  1  structures  end  properties .  end  in 
some  Instances  on  the  basis  of  oxperimsntel  work,  to  undergo  detoxication 
reactions  involving  glutathione.  Although  the  available  data  do  not  support 
the  belief  that  glutathione  is  e  panacea  for  ell  toxic  compounds,  chore  is 
sufficient  evidence  to  believe  chat  this  trlpeptida  can  substantially 
ameliorate  many  types  of  toxicity.  For  example,  research  in  our  laboratory 
and  independent  work  at  USAftElXO  has  stwwra  that  the  toxicity  of  the 
trlchothecene  toxin  T-2  la  significantly  decreased  in  mice  treated  with  L-2* 
oxothiazolidlne-4-carboxylate,  a  compound  that  incresses  tissue  levels  of 
glutathione,  especially  the  liver.  Acetaminophen  has  been  used  as  e  model 
compound  for  the  study  of  toxicity  end  detoxleletlon.  In  animals  treated  with 
large  doses  of  acetaminophen,  e  substantial  amount  of  the  highly  reactive 
toxic  Intermediate  produced  by  oxidation  of  acetaminophen  Is  conjugsted  with 
glutathione.  It  Is  slgniflcsnt  that  procedures  tnat  increase  liver 
glutathione  levels  ere  dramatically  effective  In  protecting  experimental 
animals  from  acetaminophen  toxicity.  Thus,  administration  of  L-2* 
oxothlaxolldlna-4-carboxylate  to  mica  was  complstely  effective  In  protecting 
nice  from  an  ID: 90  does  of  ecetemlniophsn  (12). 

The  glutathione  levels  of  tissues  can  be  increased  by  several 
procedures,  as  described  below.  Tissue  levels  of  glutathione  may  also  be 
decreased  by  administration  of  selective  inhibitors  of  yglutemyl  cystalne 
synthetase,  the  enzyme  thee  catalyses  the  first  stay  in  the  biosynthesis  of 
glutathione.  '  A  very  useful  compound  in  this  series  is  L-buthlonlna-SR- 
sulfoxlmlne  (9),  but  other  sulfcxlmlnee  end  still  echsr  compounds  may  be  of 
value  in  the  selective  depletion  of  elssue  glutathione  levels. 

Glutathione  levels  may  be  increased  by  a<tainla taring  compounds  that 
Increase  the  tissue  levels  of  cysteine  or  y-glutsmyleysteine;  these  compounds 
are  used,  respectively,  by  vglutamyleystelne  synthetase  and  by  glutathione 


8 


synchetaaa  for  the  zynthesia  of  glutathione.  Another  approach  to  increasing 
Cha  glutathione  levels  of  ciaauac  la  Co  adainiscer  a  pro  dr  g  cona lacing  of  a 
darlvaclva  of  glucachiona,  which,  in  concraac  Co  glucachiona,  la  raadily 
transported  lnco  calla.  Afcar  cranaporc,  auch  conpounda  ara  affacclvaly 
convarcad  Co  glucachiona  intracellular ly.  A  cocpound  of  Chla  claaa  which  haa 
baan  examined  in  aoa*  da  Call  la  glucachiona  aonoachyl  aacar  (7- 
gluCaaylcyaCainylglycyl  achyl  aacar)  (3,10,11).  In  Chia  raaaarch,  prwdruga 
of  cyacaina,  othar  thiola,  and  glutathione  ara  balng  examined.  Thasa  and  Cha 
ochar  conpounda  of  incaraac  ara  baing  aynchaaizad  by  chemical  and  by  enzymatic 
methods  and  caacad  for  Chair  abillcy  Co  proCacC  againac  toxicity.  Anochar 
approach  Cu  Cha  detoxication  of  varloua  Coxina  will  involva  afforca  Co  iaolaca 
enzyme#  that  ace  on  Coxina.  In  chia  work,  enrichasne  culcura  cachniquaa  will 
ba  employed. 

Tha  acudiaa  carrlad  out  undar  chia  concrace  ara  baing  conducted  oy  prior 
arrangement  and  agreement  with  acianciaca  concurrently  acudylng  chia  problem 
ac  US.  Army  Madical  Raaaarch  Inaticuca  of  Infacdoua  Diaaaaaa.  Tha  raaaarch 
carried  ouc  ac  USANRIID  la  aubniccad  undar  work  unic  S-10-AQ-1V7;  raaaarch 
unic  number  S-10-AQ-O-12. 

3 .Raaulca 

3a. _ Experiment#  Co  nroba  Cha  formation  of  glucachiona  conluxacaa  with 

trlchothfrcane  T  2  coxln. 

Incroducclon.  Experiments  wara  performed  co  proba  for  CSH  conjugaca 
formation  with  T-2  coxln  and  cha  axcraclon  of  chia  conjugaca  and/or  lea 
aocabolicaa  in  cha  blla  and  urina.  Tha  a  a  experiments  ware  carrlad  out  on  rats 
(300-400  g) .  Tha  aninala  wara  Craacad  wich  [35S]  cyacaina  and  subsequently 
prepared  for  blla  collection.  Prior  co  blla  collaccion,  cha  aninala  wara 
craacad  wich  T-2  toxin,  and  blla  and  urina  wara  obtained  at  iocarwala.  tfa 
developed  procaduraa  for  Cha  analyfa  of  bila  and  urina  for  glutathione 
aacabolicac,  T-2  toxin  nacabolicwa,  and  glucachiona -Coxln  conjugaca*.  Tha 
samples  ara  craacad  wich  dllhiochralcol  and  subsequently  wich  2-vlnylpyrldlna , 
co  darlvaclxa  aulfhydryl  containing  conpounda.  Analysaa  wara  carrlad  ouc  by 
chromatography  on  a  nodal  300  Durrum  ulno  acid  analyzer  equipped  far  fracdon 
collaccion. 

Methods.  (33S] Cyacaina  (1.2  *»C1,  earrlar-fraa)  waa  injected 
lncreperltoneelly  into  300-400  g  rata,  in  0.3  al  of  phoaphaco-buf fared  saline , 
in  order  co  label  cha  hapaelc  CSH  pool.  Pour  hours  later  cha  rata  wara 
anaaachaclaad  (60  mg/kg:  pentobarbital) ,  tracheocomlxed  (PC  203),  and 
caimulaced  in  Cha  jugular  wain  (PC  10),  and  in  cha  blla  ducc  (PC  10)  above  Cha 
entry  of  pancraecic  ductule# .  Blla  waa  collected  for  0.3  hoc.'  to  obtain  a 
background  profile  of  axcraclon,  and  Chan  [3Hj -labelad-T-2  Coxln  (3  pCl; 
0.36  pmois)  waa  injacead  via  Cha  jugular  wain  cannula.  Blla  waa  collar  Cad  for 
two  additional  one  hour  periods .  Urine  waa  chan  withdrawn  fro*  cha  bladder  by 
needle  puncture.  Fordone  of  each  sample  (0.2  al)  wars  created  wich  10  it  1 
•ach  of  1  M  dlchiochrelcol  and  2-wlnylpyTidins  to  reduce  and  deriwacixo  tha 
sulfhvdryl  conpounda;  1  hour  lacer,  30  pi  of  1.3  M  aulfoaalicylio  acid  waa 
added  and  tha  saaplaa  wara  centrifuged  ce  remove  tha  precipitated  protein. 
Tha  pH  waa  adjusted  to  2.2  by  adding  NaOH,  and  portions  of  each  aaapla  wara 
applied  co  (1)  a  Duma  300  aalno  acid  analyser  using  cha  *pbysielegical* 
elution  frooadura  (Ha  citrate  buffers);  and  <2)  a  reverse  phase  MTU  column 
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(Bloall  0DS-5S) ,  and  eluted  lsocratlcally  with  30%  Isopropanol  In  Soranaan'a 
citrate  buffer,  pH  2.1’.  (flow  rate;  0.4S  al/ain) .  Eluata  fractiona  ware 
collactod,  (40  x  5  am  Iron  the  Dumas,  and  30  x  l.S  ain  froa  HPLC) . 
Dlalaclnt  (National  Diagnostic)  aclntillatlon  fluid  was  addad,  and  the  saaples 
wars  countad  on  an  LKB  Bata  Rack  liquid  aclntillatlon  counter  prograamed  for 
dual  labal  analysis.  Tha  HPLC  aluats  was  alao  monitored  by  UV  abaorbanca  at 
220  nm.  Tha  alution  times  of  tha  radioactive  pa  aka  ware  coopered  with 
atandarda  praparad  as  tha  vlnylpyrldlna  derivatives  of  known  eulfur -containing 
compounds  (cyatelne,  CSH,  y-glutaayl-GSH,  y-glutaaylcystsine,  and 
cyatelnylglyclne)  dataralnad  on  the  Dur run,  and  with  trichothecena  atandarda 
on  the  HPLC,  (28.5  ain  for  T-2  and  21.5  ain  for  HT-2). 

Raaulta.  Aairo  acid  analyala  of  blla  aaaplaa  obtained  prior  to  T-2 
dosing  contained  33S-lab#led  CSH,  y  glutamyl -G.>H,  cysteine  and 
cyatelnylglyclna.  A  large  fraction  of  tha  label  also  eluted  earlier  froa  the 
aalno  acid  analyzer  at  tinea  corresponding  to  taurine,  Inorganic  sulfate  and 
ocher  oxidized  aotabolitea  of  cysteine  sulfur.  (The  conjugated  bile  acid 
taurocholace ,  which  la  secreted  In  bile  at  high  concentrations ,  could  alao 
contain  this  radiolabel,  and  would  be  expected  to  elute  in  these  early 
fractiona) .  Reverse  phase  chroaatography  of  the  saaa  saaples  gave  a  similar 
number  of  radlolabelled  peaks.  Following  Che  adalnlstratlon  of  T-2,  a  single 
large  peak  of  3H  activity  eluted  in  the  early  fractions  of  the  aalno  acid 
analyses  of  both  urine  and  bile.  The  35S  activity  peaks  appearing  In  bile 
were  unchanged  by  this  treacaent,  and  no  new  peaks  appeared.  In  the  urine 
saaples,  alaoat  all  of  both  radiolabels  eluted  in  the  acidic  or  uncharged 
fr sc cions.  The  reverse  phase  analyses  yielded  two  3H  containing  peaks  In 
bile,  both  of  which  eluted  earlier  then  T-2  er  HT-7;  urine  contained  peeks 
with  stellar  elution  tlaas,  but  with  different  mounts  In  each,  and  also 
contained  a  third  peak  with  tha  saae  alution  tine  as  HT-2.  Tha  level  of  35S 
appearing  in  tha  blla  was  about  70,000  dpa/al  for  all  collections,  and  did  not 
appear  to  be  altered  by  the  adalnlstratlon  of  T-2  or  die  conceal  tent  biliary 
appearance  of  Its  aacabolltas.  About  3.4  x  10"  DM  of  vara  excreted  in  tha 
blla  during  tha  first  two  hours  after  giving  T-2r  while  about  2.06  x  10°  DM 
appeared  In  tha  urine  over  the  seaw  tiae.  Excretion  of  355  over  the  saae 
period  wee  175,000  DM  lr  blla  end  685,000  0M  In  urine. 

Interpretation.  Tha  axperlasntal  approach  used  hare  was  designed  to 
reveal  e  saell  detoxification  pathway  involving  the  direct  conjugation  of  T-2 
or  Its  aetabolltee  with  CSH.  Both  the  toxin  end  tha  CSH  pool  were  labeled  in 
order  Co  optimize  detection  of  trace  amounts  of  any  conjugata.  Saaples  wars 
analyzed  by  two  chromatographic  methods  to  datact  tha  coelution  of  tha  two 
radlolebels  In  such  a  way  as  to  be  consistent  with  the  chemical  properties  of 
such  e  conjuga  a.  Tha  aalno  acid  ana)yzer  la  primarily  e  cation  exchange 
syatea,  but  exhibits  additional  separation  based  on  hydrophobicity. 
Under ivatlzed  CSH  alutas  at  about  20  minutes  In  this  systaa,  whereas  Its 
vlnylpyrldlna  derivative,  which  is  more  hydrophobic  end  contains  an  additional 
cationic  site,  alutas  at  86  ain.  Conjugation  of  CSH  with  a  trichothecena 
•olecule  would  lncrea  Its  hydrophobicity,  and  tha  corresponding  alution  tiaa 
wow? 4  be  expected  to  occur  somewhere  between  these  two  standards.  Nc 
detectable  3H  label  wee  delayed  In  this  manner  however;  ell  this  label  had 
eluted  In  fractiona  earlier  than  those  corresponding  to  underlvetlxed  CSH,  snd 
no  shifts  in  the  •'S  label  of  tha  letter  compound  were  noted  with  T-2 
treaaenc.  Although  the  ultimate  produce  of  the  aarcapcurlc  pathway  4  urine 
would  be  expected  to  be  an  N-acatyleystelne  conjugate,  the  more  lamed!*.,.*  CSH, 


cystalnylglycim ,  cysteine,  and  y-glutsmylcysteire  conjugates  would  ba 
axpaccad  Co  appear  In  blla;  howavar,  chaaa  wara  not  dataccad.  Similar  results 
wara  obcainad  with  the  HFLC  analyses.  Separations  with  this  system  are  based 
on  hydrophobicity.  HT-2  and  T-2  are  both  strongly  hydrophobic,  with  three 
0~  2),  or  all  £our  (T-2)  of  the  trichothacana  hydroxyl  groups  cot.v»-tad  to 
-i  etyl  or  valaryl  asters.  Both  toxins  are  known  to  undergo  da-estariflcation 
o  a  tatrol  nucleus  followed  by  glucuronldation  or  sulfoastarification  on  ona 
or  more  of  these  hydroxyls.  The  3H  containing  peaks  appearing  in  HPLC 
fractions  earlier  than  those  corresponding  to  the  T-2  and  HT-2  standards  would 
ba  consistent  with  the  biliary  and  urinary  appearance  of  such  metabolites. 
The  absence  of  radioactivity  eluting  at  times  corresponding  to  the  par  me 
compounds  reflects  their  extensive  hepatic  metabolism  prior  to  their  biliary 
excretion.  The  small  amount  of  HT-2  in  the  urine  may  have  resulted  from 
direct  filtration  of  this  Initial  metabolite.  The  early  appearance  of 
portions  of  both  labels  in  the  chromatographic  procedures  is  assumed  to  be 
coincidental,  reflecting  a  failure  in  resolution  of  the  compounds  responsible, 
and  is  not  consistent  with  the  chemical  identity  of  a  GSH  conjugate  In 
particular,  the  presumptive  conjugate  would  be  expected  to  retain  a  free  amino 
group  on  the  glutathione  moiety  and  on  all  subsequent  metabolites  prior  to 
acetylation  of  the  cystainyl  derivative,  (the  final  step  in  the  mercapturlc 
acid  pathway) .  All  such  species  would  bind  to  the  cation  exchange  column  and 
elute  at  considerably  later  times  than  those  observed. 

Thu  ,  considering  the  sensitivity  of'  the  radiochemical  and 
chromatographic  methods  employed,  we  estimate  that  less  than  1%  of  T-2 
metabolism  involves  the  direct  conjugation  with  GSH.  However,  we  nets  that 
reactions  involving  participation  of  GSH  ae  a  free  radical  scavenger  and  ir. 
the  maintenance  of  the  cellular  thiol  r<  dox  status  'may  be  of  considerable 
importance  In  mitigating  the  biochemical  laaions  produced  by  T-2  intoxication. 
Those  reactions  would  be  expected  to  be  of  particular  lstpoi  once  at  later 
stages  of  poisoning  as  the  cellular  mechanisms  of  regeneration  end  recovery 
emerge.  Indeed,  such  reactions  may  account  for  the  previous  findings  that 
administration  of  buthionine  sulfoxlmlne,  an  inhibitor  of  glutathione 
synthesis,  lncreeses  sensitivity  eo  trichothecene  toxin,  end  that 
administration  of  L-2-oxothlazolidine-4-earboxylata  increases  resistance  to 
the  toxin. 

3.h  >,  Scudlai  au Jilmattlflat. Jma 

Synthesis  of  Glutathione  Monolaopronvl  Eater  Hydrochloride 


This  compound  was  prepared  aa  pare  of  an  effort  to  study  the  effects  of 
various  glutathione  derivatives  on  tissue  glutathione  levels.  The  procedure 
for  preparation  of  this  compound  follows  that  used  for  the  preparation  of 
glutathione  monoethyl  ester.  The  specific  details  for  this  preparation  were 
aa  follows:  Glutathione  (10  g;  32. 5  mmol)  was  added  tc  a  cold  (4-6°  C) 
solution  of  Isopropanol  (previously  dried  over  a  molecular  slave)  containing 
hydrogen  chloride  (3  g;  63  mol)  in  a  volume  of  127  ml  in  a  300  ml  round 
botton  flask.  The  mixture  wee  swirled  occasionally  and  after  24  hours,  cold 
diethyl  ether  was  added  to  precipitate  the  product.  The  product  was  recovered 
by  decantation  of  the  supernatant  solution  end  wee  dried  over  P205  end  KOH 
under  vacuum.  The  yield  wee  12.3  g  (98»).  Analysis  on  the  Durna  model  300 
amino  acid  analyser  showed  that  the  product  contained  only  8%  glutathione. 
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The  effectiveness  of  the  nonolaepropyl  ester  of  glutathione  was  exaained 
In  fasted  alee  pretreated  (for  3  hours)  with  L-buthionine-SR-sulfoxiaine  (BSO) 
(2  asol/Kg) .  Two  hours  after  intraperitoneal  injection  of  glutathione 
aonoisopropylestar  hydrochloride  (dose,  10  aaol/Kg),  the  kidneys  and  livers 
were  reaoved  and  analyzed  for  total  glutathione  by  the  automated  DTNB- 
Reductasa.  The  following  re suits  were  obtained: 


Treatment 


esa  (w  i/i\ 


Kidney  Liver 


BSO,  alona  0.30  ±  0.02 
BSO,  CSHlsopropyl  aster  1.63  ±  C.37 
BSO,  CSHethyl  ester  3.28  ±  0.34 


0.38  ±  0.09 
1.56  ±  0.23 
1.44  ±  0.04 


The  findings  indicate  that  the  levels  of  glutathione  in  the  liver  and 
kidney  were  significantly  increased  by  administration  of  glutathione 
isopropylester  hydrochloride.  However,  the  Increase  in  the  kidney  was  not  as 
great  as  is  found  with  glutathione  ethyl  ester  hydrochloride.  We  have  not  yet 
carried  out  studies  on  the  time  course  cf  the  effect  of  this  ester. 


Synthesis  of  Clutathlone  Monoathvl  Eater  Sulfate 


We  have  continued  our  efforts  to  obtain  a  store  stable  form  of 
glutathione  eo noethyl  ester.  In  the  course  of  this  work,  we  have  prepared 
glutathione  eo noethyl  eater  sulfate  (i.e.,  L-y-glutaayl-L-cysceinylglycylethyl 
ester. 0.5  IUS04) .  The  following  procedure  was  used.  Glutathione  (2.5  g)  was 
added  to  a  700  ml  round  bottom  flask  containing  0.59  el  of  sulfuric  acid  and 
25  ml  of  ethanol  at  0°  C.  The  flask  was  swirled  occasionally  and  allowed  to 
stand  overnight.  The  unrnacted  glutathione  was  removed  by  filtration  and  the 
glutathione  aonoethyl  ester  sulfate  was  prscipletsd  by  addition  of  cold 
diethyl  ether  (about  200  ml).  The  product  was  dried  over  Pj0!  1°  vaeuun. 


The  biological  effectivenass  of  glutathione  aonoethyl  ester  sulfsta  wss 
examined  in  mice  chat  had  bean  fatted  for  18  hours  snd  previously  treated  with 
L-buchionine- SR- sulfoxlmine  (2  aaol/Kg)  four  hours  prior  to  sa criflcs.  The 
glutathione  aonoethyl  eater  sulfate  was  sdalnistsisd  intrcperltoneally  st  s 
dose  of  10  mmol/Kg.  Three  hours  lstsr  the  alee  were  sacrificed  end  tha 
kidneys  and  livers  wars  reaoved  end  immediately  homogenized  in  5%  (w/v)  5- 
sulfosallcylic  acid.  Total  glutathione  was  determined  by  the  automated  DTNB 
reductase  procedure.  The  following  results  wars  obtained: 


tClREMnfi 


CSH.  umole 


Sidney 


Liver 


BSO,  elons 
BSO,  CSH 

BSO,  CSH  ester  sulfate 


0.30  ±  0.02 
2.00  ±  0.59 
5.38  ±  0.83 


0.58  ±  0.09 
1.04  t  0.28 
1.37  ±  0.22 


Tha  findings  lndicsts  that  glutathione  aonoethyl  sstsr  sulfate  is 
effective  in  raising  the  glutathione  levels  of  kidney  snd  liver.  The  compound 
does  not  seam  to  be  deliquescent  and  hopefully  will  preve  to  mors  stable  on 
storage  then  the  corresponding  hydrogen  chloride  derivative. 
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Appendix  2  lists  sample*  of  glutathione  eaters  sane  Co  USAMRIZO  together 
with  procaduraa  for  dissolving  Chase  compounds . 

iz*.  TCl\itiaYl-glusathlon« 

In  Che  course  of  our  scudiaa  on  the  biliary  excretion  and  metabolism  of 
glucachlone  and  its  conjugates,  we  discovered  a  new  metabolite  of  glutathione , 
namely  7- glutamyl  glucachlone.  This  cecrapeptide  Is  formed  by 

aucocranspepcidation  catalyzed  by  7-glutaayl  transpeptidase  in  a  reaction 
involving  2  molecules  of  glutathione.  The  finding  of  7- glutamyl  glutathione 
in  bile  le  most  interesting  because  this  is  Che  first  time  that  this 
autotranspeptldation  product  has  been  found  in  nature.  In  bile,  y-glutamyl 
glutathione  may  be  present  in  concentrations  that  are  greater  than  300  pH. 
Notably,  this  level  is  much  higher  than  that  of  Mat  of  Che  other  amino  acids 
normally  found  *a  bile.  The  chemical  identity  of  this  compound  was 
established  by  showing  Chat  it  yields  2  molecules  of  glucsmete  end  1  molecule 
of  cysteinylglyclne  after  exhaustive  enzymatic  hydrolysis  by  y glutamyl 
transpepcluasa .  The  elution  behavior  of  this  compound  on  the  amino  acid 
analyzer  has  been  determined.  Whether  7 -glutamyl  glutathione  can  ba 
transported  into  calls  is  not  yat  known.  Wa  plan  to  axamine  this  point.  Wa 
alao  need  to  know  whether  7-glutemyl  glutathione  acts  as  a  substrate  for 
glutathlone-S- transferase ,  7-glutaayl  cyclotranafaraaa,  and  glucachlone 
reductase.  Further  studies  on  the  formation  of  7- glutamyl  glutathione  by 
interaction  of  glutathione  with  7-glutaayl  tranapaptidaae  are  being  done.  We 
plan  to  carry  out  studies  on  the  large  ecele  chemical  preparation  of  this 
compound. 

3d.  Aaiaaashanai  Analog  of  ^luuUiia&t 

CXir  research  on  the  new  analog  of  glutathione  in  which  the  glycine 
residue  is  replaced  by  an  anlno  ethanol  moiety  has  boon  continued.  In  the 
course  of  these  studies,  we  discovered  diet  some  of  the  products  obtained 
contained  e  new  compound  not  previously  detected.  Some  products  contained 
about  10%  of  tha  new  compound,  whereas  others  contained  as  much  as  50-70%  of 
the  new  materiel.  An  effort  is  currently  in  progress  in  ordsr  to  dstsrmins 
the  nature  of  the  new  compound  and  the  mechanism  of  its  formation  during 
borohydride  reduction  of  y-glutamylcystelnylglycyl  ethyl  eater. 

In  the  course  of  this  work  an  attempt  was  made  to  synthesize  L-7- 
glucsmyl-L-cystelnylemlnoethsnol  in  the  bioraactor  system  previously  designed 
in  this  laboratory.  In  this  approach,  a  strain  of  t.  call  fanatically 
engineered  so  ee  to  contain  high  levels  of  y-glutaaylcyetsias  synthetase  end 
glutathione  synthetase  is  immobilized  end  rendered  more  permeable  to  low 
molecular  weight  compounds.  This  preparation  of  t.  call  has  been  successfully 
used  for  the  preparation  of  certain  analogs  of  glutathione.  Efforts  to  apply 
this  method  to  the  synthesis  of  y-glutamy  leys  ta  lay  lamlnoathanol  wero  not 
fruitful,  epperontly  because  glutathione  synthetase  dees  not  use  eminoethenol 
in  piece  of  glycine . 

3a.  Studies  on  Enrichment  Cultures 

As  part  of  our  program  to  attempt  isolation  of  enzymes  time  act  upon 
cyenoginoein  toxins,  snrlchmant  culture  end  related  approaches  are  being 


t 

/ 


7 


13 


•■ployed.  Sine*  inai  .  i*nt  toxin  v*s  available  at  th«  Initiation  of  this 
raaaarch,  v«  war*  not  sole  to  carry  out  anrichaant  cultures  with  the  toxin 
itself.  However,  since  cyanoginosin-LA  has  been  reported  to  contain  a  0- 
aspartyl  linkage,  we  carried  out  preliminary  enrichnent  cultures  using  the 
optical  isomers  of  asparagine  (aspartic  acid-£-aaide)  as  the  substrate.  This 
was  dona  co  explore  the  idea  that  an  organism  selected  for  its  ability  to 
cleave  the  £-amids  of  asparagine  night  also  exhibit  similar  hydrolytic 
activity  toward  the  l-aepartyl  »oi*cy  0f  the  toxin. 

The  procedure  was  essentially  that  described  earlier  for  isolation  of  an 
organism  containing  large  amounts  of  5-exoprolinase  (13).  The  enrichment 
medium  contained  40  mM  L-  or  D- asparagine,  5.5  mH  KK2POa,  3.5  mM  Na2HP04,  0.80 
■M  MgS04,  0.20  mM  CaCl2,  15  pH  FeCl,.  15  pH  MnCl2,  and  4.0  pH  N*2M  04 .  The 
cultures  were  carried  out  at  pH  7.0  at  26°  C.  Three  pure  cultures  cf 
bacterial  were  Isolated  by  enrichment  of  L-asparagine  and  three  pure  culture . 
were  isolated  by  enrichment  on  0-asparagine.  Thesa  cells  are  being  preserved 
and  will  be  tasted  for  activity  against  ths  toxins  when  sufficiently  large 
s  pies  of  these  materials  become  available  to  us. 

3f -  Studl*>«  on  Sanmla  of  Cvanosinciln  Toxin  Supplied  bv  PSAMRIID  (nlcrocYxtln 
toxin  78200116608). 

A  portion  (approximately  2  micrograms)  of  this  toxin  was  hydrolyzed  in  6 
H  hydrochloric  acid  under  nitrogen  for  3  hours  ae  150°  C.  The  hydrolysate  was 
then  derlvatized  with  phenylisothiocyanate  and  the  derlvatized  amino  acids 
present  were  separated  by  HPLC.  This  analysis  Indicated  the  presence  of  the 
following  amino  acids:  leucine,  alanine,  arginine,  4-methylaspartlc  acid,  and 
glutamic  acid.  These  were  present  in  approximately  equimolar  quantities 
(1:0. 9:1:1: 1).  The  assigns jnts  and  relative  ratios  wore  based  on  the 
retention  times  and  areas  obtalnsd  with  the  corresponding  authentic  amino  acid 
standards.  £-Hathylaspartle  acid  eluted  as  £  peaks  (22  and  2.6  minutas1). 
The  flrat  peek  coeluted  with  glutamic  acid  and  the  araa  for  this  amino  acid 
peek  was  greeter  then  that  for  the  other  amine  acids.  Ths  arses  corresponding 
to  the  authentic  standards  of  d-mathylaspartle  acid  and  glutamic  acid  ware 
found  to  be  almost  idantl'  rl.  Thus,  the  method  of  calculation  of  the  relative 
ratio,  of  these  amino  acids  must  be  the  sum  of  the  areas  of  the  peeks  obtained 
at  2.6  end  2.2  minutes  divided  by  a  factor  of  2.  The  findings  indicate  that 
the  toxin  supplied  to  us  by  OSAM&IID  la  spparsntly  equivalent  to  the 
cyanoglnoaln  toxin  designated  as  LZ. 

When  we  treated  the  toxin  obtained  from  USAMRIID  with 
phonyliaothiocyanato ,  no  derivative  could  be  detected  by  HFLC.  This  ie 
consistent  with  the  absence  of  a  free  amino  group  as  previously  noted  by 
others  (14-17). 

It  is  known  that  dahydroyep tides  can  be  converted  to  ammonia  end  the 
corresponding  n-kato  acid  by  enzymatic  means  and  also  by  treatment  with 
mineral  acid.  For  example,  glycyldehydroalanine  is  converted  under  such 
conditions  to  products  that  include  ammonia  end  pyruvate .  Us  have  attempted 
to  obtain  evidence  for  the  formation  of  pyruvic  acid  after  treatment  of 
cyanoglnoaln  LR  with  HC1  (1-2  H)  ec  temperatures  varying  from  26°  C  to  100°  C. 
Thus  far  no  pyruvic  acid  has  bean  found  by  sensitive  enzymatic  tests  using 
lactate  dehydrogenase  end  HADH;  however,  in  control  experiments  with 
comparable  amounts  of  authentic  pyruvic  acid  end  with  standard  dehydropeptide 
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preparations  such  as  acetyldahydroalanina ,  wa  did  not  find  pyruvaca  aftar  acid 
traatnant .  Presumably  any  pyruvata  formad  from  the  toxin  would  have  bean 
destroyed  under  these  conditions.  This  work  is  being  continued. 

Ue  have  also  Created  the  USAMRIID  toxin  saapla  with  sodium  borohydrlda 
essentially  by  the  procedure  of  Botes  at  al  (18).  A  xanpla  of  the  toxin  was 
also  subjected  to  pulse  hydrolysis  in  6  K  hydrochloric  acid  under  nitrogen  at 
100°  C  for  5  minutes .  Total  hydrolysis  was  carried  out  in  6  K  hydrochloric 
acid  under  nitrogen  at  150°  C  for  3  hours.  After  treatment  of  the  toxin  with 
sodiua  borohydrlda,  no  free  amino  acids  were  detected  by  the  HPLC  procedure. 
This  finding  suggests  that  the  product  of  borohydrlda  traatnant  la  an  intact 
eye  lopep  tide. 

Toxicity  studies  were  carried  out  on  the  untreated  toxin,  toxin 
subjected  to  pulse  hydrolysis,  toxin  subjected  to  total  hydrolysis,  and  toxin 
created  with  sodiua  borohydrlda.  In  addition,  a  control  was  carried  out  in 
which  the  borohydrlda  reaction  aixtura  (lacking  toxin)  was  examined  for 
toxicity.  Hice  (aale)  weighing  20-25  g  of  the  Swiss  Vebster  strain  (Taconlc 
Faros)  fed  ad  libitum,  were  used  in  these  studies.  A  solution  containing  4.6 
Mg/ml  of  toxin  was  eaployed  and  a  dose  of  0.046  MS/g  of  body  weight  was  given. 
Eight  animals  were  used  in  each  group  axcapt  for  the  borohydrlda  control  in 
which  caaa  four  animals  wars  used.  Tha  route  of  administration  was 
intraparitonaal .  Ho  animals  dlad  whan  glvan  toxin  that  had  bean  aubjectad  to 
pulaa  hydrolysis,  total  hydrolysis,  toxin  traatad  with  borohydrlda,  or  the 
borohydrlda  control.  In  the  animals  glvan  uncraatad  toxin,  7  out  of  8  animals 
dlad  within  3  hours.  Thasa  findings  Indicate  that  tha  ssveral  traatmanta 
appllad  to  the  toxin  result  in  loss  of  toxicity. 

Botes  ee  al  (17)  found  that  pulse  hydrolysis  of  cyaaoginoeln  LA  gave  e 
linear  papeide  apparently  consisting  of  tha  following  structure:  ala-leu-£- 
methyl -aspartate -ala- adds (lacking  a  aathoxy  moiacy)-glu.  Our  studies,  ea 
described  above,  indicate  that  pulse  hydrolysis  of  cyazwglnoain  LR  toxin, 
which  would  presumably  -  lead  to  the  formation  of  a  comparable  linear  peptide 
except  that  arginine  would  replace  the  second  alanine  residue,  leads  to  lose 
of  toxicity.  This  finding  could,  be  Interpreted  to  indicate  chat  the 
dehydropepcide  moiety  is  easantlel  for  toxicity.  However,  pulse  hydrolysis 
apparently  also  leads  to  loss  of  a  methoxy  group  so  that  toxicity  might  also 
require  the  Intact  adds  structure .  Cn  the  other  hand,  in  our  atudlas  it  was 
found  that  traatnant  of  tha  LR  toxin  with  sodium  borohydrlda  led  to  loss  of 
toxicity.  Since  this  reaction  would  not  be  expected  to  induce  a  loss  of  a 
methoxy  moiety  from  the  adds  structure,  the  findings  point  to  the 
dehydropeptlde  moiety  ee  an  essential  structural  feature  required  for 
toxicity.  According  to  this  Interpretation,  treatment  of  the  toxin  with 
borohydrlda  converts  the  dehydropeptlde  linkage  to  e  saturated  peptide  linkage 
and  this  change  la  associatad  with  loss  of  toxicity.  Since  it  appears  that 
this  is  the  only  effect  of  borohydrlda  treatment,  we  tentatively  conclude  that 
the  dehydropeptlde  moiety  of  the  toxin  le  essential  for  toxicity.  This 
finding  may  be  of  considerable  significance  in  relation  to  mechanisms  for 
detoxication.  Thus,  it  is  known  that  dshydropeptldss  lntaract  affectively 
with  SH- containing  compounds,  and  a  number  of  SH- compounds  that  can  be  safely 
administered  to  animals  ere  known  (see,  for  example,  below). 
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Sine*  the  toxin  has  now  bacon*  available  to  ui,  it  ha*  ba*n  possible  to 
initiata  this  work  and  to  carry  out  some  freliainary  atudi**.  This  aay  b*  a 
promising  pathway  of  research  because  our  first  studios  have  shown  that  aic* 
that  have  approximately  50%  depletion  of  hepatic  glutathione  are  aore 
sensitive  to  cyanoglnosin  toxin  than  are  the  control  animals.  In  further  work 
we  plan  to  pursue  the  effect  of  buthionine  sulfoxiain*  on  cyanoginoein 
’.oxicity  because  auch  lower  levels  of  glutathione  can  be  achieved  through  us* 
of  this  drug.  Various  approaches  previously  developed  in  this  laboratory  will 
be  applied  to  increase  hepatic  glutathione  levels  and  to  deteraine  the  effects 
if  such  metabolic  aodulation  on  toxicity. 
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Appendix  2 

Saaples  of  glutathione  esters,  u  follows,  wars  sane  eo  USAMRI1D  on  May 
19.  1986: 

1  g  Glutathlona  aonoathyl  aacar  hydrochlorlda  (MV  -  371.84) 

1  g  Glutathlona  aono- Isopropyl  aacar. 1/2  H2SO4  (MV  -  398.44) 

100  mg  Clutathiona  aonoathyl  as tar ,  fraa  baaa  (MV  »  315.38) 

In  addition,  a  saaple  of  10.1  g  of  L-2-excchiazolldlna-4-carboxylic  acid 
was  also  sane  on  May  19,  1986. 

Tbs  following  procsdurss  ara  racoMsndad  for  praparing  solutions  of 
chaaa  compounds  for  biological  experiments: 

1.  2 -Oxothlaxolidlna -4- carboxylic  acid  is  fraaly  soluble  (at  least  1  M) 
and  only  naads  to  be  pH  adjusted  to  7  with  1  equivalent  of  sodlua  hydroxide. 
As  c  solution  it  is  stable. 

2.  Glutathlona  aono- isopropyl  aster. 1/2  HjSO^  and  glutathlona  alonoethyl 
ester  fraa  base  ara  stable  as  powders,  but  should  be  kept  desiccated  to  be 
completely  safe.  As  with  all  esters,  chair  solutions  ara  not  stable:  Make 
thea  just  before  use.  The  glutathlona  aonoathyl  aster  fraa  base  should 
require  no  or  little  sodlua  hydroxide  to  Ph  adjust  to  7.  The  glutathione 
aonoathyl  aster  hydrochloride  and  sulfate  aay  require  about  one  equivalent  of 
sodlua  hydroxide  to  pH  adjust  to  7. 

Distilled  and  deionized  water  is  racoaaanded  to  reduce  aatal 
contamination,  which  can  causa  thiol  oxidation. 


